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s(t)
? 2.1????????????????
????????????Near field??????????????????????
???? < 2D2=[m]?????? [13]?????D = (M   1)d[m]?????????
[m]?????????????????????????????????????
?????????????m?????????????????????1???
??????????(m   1)???
xm(t) = s(t   (m   1)) m = 1; 2;    ;M (2.1)
???????????????????c[m/sec]????
 = d sin s=c (2.2)
???????????????????????????????
????????????????????????????
xm(!) = e  j!(m 1)s(!) m = 1; 2;    ;M (2.3)
????????xm(!)?s(!)?????fxm(t)g?fs(t)g?????????????!?
7(?)???????????(2.3)???????????
x(!) = as(!) (2.4)
????????x(!) = [x1(!); x2(!);    ; xM(!)]T?a = [1; e  j!;    ; e  j!(M 1)]T?T??
??????????????(2.2)????????????????s?????
?????????a?s????????????????????????a?a(s)
????????s??????????????????????????
??????????????????????x(!)???w = [w1;w2;    ;wM]T ?
?????????????
y(!) = wHx(!) (2.5)
?????????????
G(!) = y(!)=s(!) = wHa(s) (2.6)
??????????H??????????????jjwjj2 = M??????????
?????G(!)??????w??????????
J(!) = jwHa(s)j2 + (jjwjj2   M) (2.7)
??????w??????
w = a(s) (2.8)
???????????????????????????????
??????(2.5)?????????
y(!) = a(s)Ha(s)s(!) (2.9)
= [1; e j!;    ; e j!(M 1)][1; e  j!;    ; e  j!(M 1)]T s(!)
= Ms(!)
??????????????????????????(m   1)?????????
e  j!(m 1)????????????????????????????????s??
8???????????????????M???????????????????
???????????????????????????????????????
????????????????s??????????????????????
???????????????????????????????????DSB?
Delay-and-Sum Beamformer??????
??????????????????????????????????
w() = [1; e  j!dsin=c;    ; e  j!(M 1)dsin=c]T (2.10)
????????????w()??????? 90??90????????????
???????????????????????????????????????
???w()?a(s)???????????????????????????????
???????????????????????????????????????
??????
?????DSB??????????????s? 90??90?????????
????????????????????
i) ????? 90??90?????????????????????????
??w()???????????y(; !) = w()Hx(!)?????
ii) ?????y(; !) ( 90 <  < 90)????????????????????
???????s????????????
2.2 MUSIC?
DSB????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????DOA?
??????????????????MUSIC(MUltiple SIgnal Clasification)?????
DSB?????????????????????????????[14][17]?
MUSIC?????????Fig. 2.1????????????N?< M????? sn(t)
(n = 1; 2;    ;N)???????????n???????????????????
9??m???????????????
xm(t) =
NX
n=1
sn(t   (m   1) n) + vm(t) (2.11)
f or m = 1; 2;    ;M
???????????n (=d sin n=c)???n??????????????????
?????????vm(t)???????????????????????????
xm(!) =
NX
n=1
sn(!)e  j!(m 1)n + vm(!) (2.12)
f or m = 1; 2;    ;M
?????????????????
x(!) = As(!) + v(!) (2.13)
????????s(!) = [s1(!); s2(!);    ; sN(!)]T?A = [a(1);a(2);    ;a(N)]?a(n) (=
[1; e  j!d sin n=c;    ; e  j!(M 1)d sin n=c]T )???? n??? sn(t)?????????????
v(!) = [v1(!); v2(!);    ; vM(!)]T????
????????? sn(t) (n = 1; 2;    ;N)???vm(t) (m = 1; 2;    ;M)?????
i) sn(t)???????
ii) sn(t)?vm(t)????
iii) vm(t)?????????(2)?????
??????????????x(!)??????R = E[x(!)x(!)H]???????R
???(2.13)???
R = ASAH + 2I (2.14)
??????????????????S = E[s(!)s(!)H]?E[]?????I?????
????
???R????????????
Rgm0 = m0gm0?m0 = 1; 2;    ;M (2.15)
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?????(???????????????????????????)????m0
(m0 = 1; 2;    ;M)?????????????
1      N > N+1 =    = M = 2?? (2.16)
?????R??????????2????????fm?m = N + 1;N + 2;    ;Mg?
2????????? fm?m = 1; 2;    ;Ng???????????? [13]??????
?????????????2n (n = 1; 2;    ;N)????????????N????
???n = 2n + 2 (n = 1; 2;    ;N)??????????????????????
????????????? fm?m = N + 1;N + 2;    ;Mg??????????? fgm
?m = N +1;N + 2;    ;Mg????????????????V????fm?m = 1; 2;    ;Ng
???????????fgm?m = 1; 2;    ;Ng????????????????S??
????????????S=V??????????R??????????????
R =
NX
m=1
mgmg
H
m +
MX
m=N+1
mgmg
H
m (2.17)
??????(2.14)??(2.17)??????gm 2 V??????????
gHmRgm = g
H
mASA
Hgm + 
2 f or m = N + 1;N + 2;    ;M
gHmRgm = m = 
2 f or m = N + 1;N + 2;    ;M
?????gHmASAHgm = 0??????
aH(n)gm = 0 f or
8>>><>>>: n = 1; 2;    ;Nm = N + 1;N + 2;    ;M
?????????????????????????a(n) (n = 1; 2;    ;N)?V???
??????fgm?m = N + 1;N + 2;    ;Mg?????????????????????
????S=V????????fa(n)?n = 1; 2;    ;Ng?S??????????
?????????????????????????????(2.10)????
w() = [1; e  j!dsin=c;    ; e  j!(M 1)dsin=c]T
?????
U() =
MX
m=N+1
jwH()gmj2 (2.18)
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?????????????????????????????????????n
??????????????????? = n???U() = 0? , n???U() > 0
????????U()???????????n????????????????
??????????????????MUSIC?????(2.18)?????
UMU() =
jjw()jj2PM
m=N+1 jwH()gmj2
(2.19)
??????MUSIC??????????????????????????????
UMU()????????????????n (n = 1; 2;    ;N)???????????
??????????UMU()???????????n (n = 1; 2;    ;N)??????
??????????????????
?????????????????????????????n?MUSIC????
???????????????????????
i) ?????????????x(!)????????R?????R???????
????????????????(2.16)???????????????
ii) ??????????????????(M N)?????fm?m = N+1;N+2;    ;Mg
???????????fgm?m = N + 1;N + 2;    ;Mg??????
iii) ???????????????????w()???????(2.19)?????
UMU()????????
iv) ????? 90??90?????????????????iii)??????
v) ???????UMU()??????N???????????????????
?????????n (n = 1; 2;    ;N)???????????????
????????????????DSB???????????????????
?????????????????????DOA????????????MUSIC
????? (2.18)?????????????Null???????????????
DOA??????????????????????????????M?????
??????????????????????????????????MUSIC?
??????DSB??????????????????DOA???????????
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??????????????????????????DSB???????????
???????????????????????????????????????
???????????????????????????????????i)??iii)
????????????????R?????????????????S????
????fm?m = 1; 2;    ;Ng?V????????fm?m = N + 1;N + 2;    ;Mg????
?????????????MUSIC???????????N???????????
???????????????( 2.17)???(2.18)???????????????
??N????????M????????????????
2.3 DUET????
???????????????????????????????????DOA
??????????DUET??????????????????????????
??????????????????????????????????????
?????????????????
?????? sn(t) (n = 1; 2;    ;N)??????????????????????
????????
xm(t) =
NX
n=1
T? 1X
t?=0
hmn(t?)sn(t   t?) + vm(t)? (2.20)
??????????????????????????????????xm(t)?m
(= 1; 2;    M)????????????hmn(t?)?n????????m????????
?????????t???????T???????????vm(t)???????
?(2.20)??????????????????????????????????
??????????????????????????????????????
??????????????????DUET??????????????????
???????????????
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2.3.1 DUET??????????????
DUET????????????????????????????M = 2????
??????????????????
x1(t) =
NX
n=1
sn(t)? (2.21)
x2(t) =
NX
n=1
ansn(t   n)? (2.22)
????????????sn(t)??n??????????????1????????
???an?n??????????1??????????????????????
??an , an??n , n??????sn(t)? sn?(t)??????????
DUET???????????????????????????????????
??? xm(t) (m = 1; 2)???????? sn(t) (n = 1; 2;    ;N)??????
2.3.2 W-Disjoint Orthogonality
??sn(t)????W(t)??????????????(STFT: short-time Fourier transform)?
FW[sn(t)](; !) =
1p
2
Z 1
 1
W(t   )sn(t)e  |!tdt (2.23)
????????????sn(; !) = FW[sn](; !)?????????? | =
p 1????
?????
sn(; !)sn?(; !) = 0?8(; !)?8n , n? (2.24)
?????? sn(t)? sn?(t)?W-Disjoint Orthogonality?WDO??????????WDO?
??????????????????????????(; !)??????????
?????????????????????WDO?DUET????????
2.3.3 ???????????
?(2.23)?W(t) = 1???????????????????????W(t)?????
???????????STFT?????????????????????????
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?????????????
FW[sn(t   n)](; !)  e  |!nFW[sn(t)](; !) (2.25)
????????????????????????????????????
????????????? [36]?????n[sec]?????!n[rad]??????
???????????????????????????????Narrowband
Assumption???????????????????????????????!c
??????(t)???(t)?????? s(t) = (t) cosf!ct + (t)g??????????
??????? s(t   )=(t   n) cosf!c(t   n) + (t   n)g?????????????
????(t   )  (t)?(t   )  (t)????????????????s(t   )=(t)
<fe |(!c(t )+(t))g=<fe  |!c s˜(t)g??????????????????????????
<?????s˜(t) = <f(t)e |(!ct+(t))g????
2.3.4 ???????????
?(2.25)????????e  |!n=e  |(!n+2)???????????????????
???????????????????????????????????????
??????????????????!n[rad]?????????????????
??????????????????????????????????????
???????j!nj < ???????????
????n[sec]????????????d[m]??????c[m]??????????
???????????max = d=c[sec]??????????![rad/sec]????????
???????!max??????????????!s?2!max????????????
????!s=2!max?????????j!nj < ?????????????d < c=!s??
???????????????????????????????????????
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2.4 DUET???????????DOA??
?????d?????????????sn(t)??????????????(2.21)(2.22)
?STFT????
2666666664 x1(; !)x2(; !)
3777777775 =
2666666664 1    1a1e  |!1    aNe  |!N
3777777775
26666666666666664
s1(; !)
:::
sN(; !)
37777777777777775 (2.26)
?????????????????????xm(; !)?xm(t)?STFT????????
?????????
2.4.1 DUET??????????
???????WDO???????????????(; !)?????????sn(; !)
?????????????????????????(2.26)?2666666664 x1(; !)x2(; !)
3777777775 =
2666666664 1ane  |!n
3777777775 sn(; !)?9n (2.27)
????????????x1(; !)? x2(; !)????
x2(; !)=x1(; !) = ane  |!n (2.28)
???????an?????n????????????????an?n??????
??(; !)?
a˜n(; !) = jx2(; !)=x1(; !)j?? (2.29)
˜n(; !) = ( 1=!)\(x2(; !)=x1(; !)) (2.30)
?????? sn(; !)???????????????????\??????????
????????(a˜n(; !); ˜n(; !))???????????????
?????????(an; n)???????????????????N??????
fCn?n = 1; 2;    ;Ng??????????????????
Mn(; !) =
8>>><>>>: 1?(a˜n(; !); ˜n(; !)) 2 Cn0?otherwise (2.31)
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???????????Cn??? sn(; !)?
sˆn(; !) =Mn(; !)x1(; !)?8(; !) (2.32)
??????????DUET????????????
2.4.2 DUET?????DOA??
??????????????2???????????????????????
????????????????????????????(an; n)????????
?????????????Rickard????????f(a˜n(; !); ˜n(; !))g?N?????
????????????????n?
ˆn =
1
jCnj
X
(;!)2Cn
˜n(; !) (2.33)
??????? sn(t)?DOA?
ˆn(; !) = sin 1
 c
2d
ˆn(; !)

(2.34)
??????????????[31]?????jCnj?????Cn?????(; !)???
????
???????????? = 0; 1;    ; 59?60????????????10????
??FSK?Frequency Shift Keying???
sn(t) = sin 2(109 + 16  103) t?n = 1;    ; 10 (2.35)
?????????DOA? 60??60?????????????????????
?????????????????????????(2.21)(2.22)??????xm(t)?
??vm(t)??????xm(t) xm(t) + vm(t) (m = 1; 2)????????????????
??????DOA?????????????0:5????????SNR=15[dB]??
?97:3%?SNR=20[dB]???99:4%??????????MUSIC??????????
?????????
??????????????????????????????????????
?????????DOA???????????????????????????
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????????????????????????????????DOA????
??????????
2.5 ??????????????DOA
???????DOA?????????(2.20)?????????xm(t) (m = 1; 2)???
???????????????????????????(STDFT)??????????
??????????Ts[sec]????????????fxm[ j] = xm( jTs)?j = 0; 1;    ; J   1g
?L???????k??????????fxm[l + kF]?l = 0; 1;    ; L   1g?
xm[k; !l] =
L 1X
l=0
xm[l + kF]W[l] e  j2kl=L (2.36)
?STDFT????????[k; !l] (k = 0; 1;    ;K   1; l = 0; 1;    ; L   1)????????
?xm[k; !l]????????????????!l = 2l=L??F????????W[l]?
???????
??????(2.33)?????˜n??????????'˜n = !l˜n???????[k; !l]?
'˜[k; !l] =  \(x2[k; !l]x¯1[k; !l]) (2.37)
???????????????? ˜[k; !l]???DOA?????????????¯?
????????
˜[k; !l] = sin 1
 c
2d
'˜n[k; !l]

(2.38)
2.6 ???
????????DOA?????????????????DSB??MUSIC???
?????????DUET??????????????????????????
????????????????????
DSB???????(-90  90)????????????????????????
???????????????????????DOA??????????????
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???????????????????DOA??????????????????
???????????????????????????????????????
MUSIC??????????????????????????????????
????????????????MUSIC??????????????DOA???
??????????????????????????????????????
?????????????????????????????????????
DOA????????????????????????????????????
????????????DSB?????????????????????????
???????????????????????????????????
?????????????DUET???????????????DOA?????
????????????????????DOA????????????????
??????????????????????????????DOA??????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????DOA?????????????
??????
??????????????????????????????????????
?????DOA??????????????????
?3?
???DOA???????????
???DOA???????????FSK????????1000[MHz]??1009.44[MHz]
???????????????????MUSIC???????????DOA???
?????????????????100?4000[Hz]???????????????
?????????????????????????DOA???????????
???????????????????????????????????????
?????????????????????????????DOA???????
??????????????????????????????????????
????????????????????????????????DOA????
?????DOA????????????????
??????????????????20????????DOA?????????
DOA??????????????????????????????????????
3.1 ??????????
??????????????? s1(t)?????????????????????
????????????????????[37]?????6.5?????????s1(t)
????3???6??????????(2.20)?????????xm(t)???????
????????????????Habets[38]?????????????????
[39]??????????RT60?200[msec]????????????????????
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20
???
???? ????
??
???????
? 3.1??????????(????)
????????????????????????????????????
???????????????8000[Hz]?????16[bit]???????????
64[msec]??????????16[msec]?????Hamming????????????
??????????????????????d????????????????
???4[cm]?????????????50[cm]??????0?=????????
?=???????????????75??15??????????
3.2 DUET??????????DOA??
???????????????SNR?20[dB]?????????????20???
??368[msec]??????????DOA????????????????????
???????6.5????400????????????????????DOA??
???????????(2.38)???DOA ˜[k; !l]??????????????
????? 90:5  90:5?q=[q   91:5; q   90:5) (q = 1; 2;    ; 181)????1???
??????DOA?q?????? pq?????????P(˜)=[p1; p2;    ; p181]???
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? 3.1 DUET?????DOA???
Case  = 0  = 15  = 30  = 45  = 60  = 75
A
-0.50 14.33 27.33 37.83 48.50 56.16
(1.22) (1.36) (2.42) (2.63) (2.73) (1.32)
B
0.00 13.66 27.00 38.16 48.83 53.83
(0.00) (0.81) (1.09) (1.16) (1.16) (0.75)
(a) DOA?????? (b) DOA????????
? 3.2 DUET?????DOA????????
??????????????????????????????????ˆ??DOA
??????????????????P(˜)???pq?????????????q?qˆ
????ˆ = (qˆ   91)?????? ˆ????DOA???????
?????DOA????????????????????3.1???????Case A
??????????20???????????????Case B??????????
?????????????3.2(a)?Case A?Case B?DOA????????3.2(b)??
?????????????????????Case A????????Case B????
?????????????Case A??????????0???????????
????30???3????????=45?????7?????????????
??????????????????????Case B??????????????
???????????Case B???Case A???????????????1???
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(a) all frames (b) voiced frames (c) ambient noise frames
? 3.3  = 0??????DOA????
??????????????????????????????????20????
??????????????????
???=45????????????????????????????????
????????????????????????DOA?????????????
6.60????????????3.48???????3.12??? = 0?????????
????????DOA???????3.3???????????pq????DOA[]??
????DOA???( = 0)??????????????????????????
????????150?????????????????????????????0
?1??????????????????0.01??????????????0.0005
?????????????????????(a)??????????DOA????
(b)?????????????DOA????(c)?????????????DOA??
?????????????(a)? (b)????0???????????DOA???
 = 0???????????????????(c)????????????????
????????DOA??????????????????(a)?(b)????????
??????????????????????(a)?0:07?37:43????(b)? 0:13
?28:61????????????????DOA???0??????????????
23
(a) all frames (b) voiced frames
? 3.4  = 45??????DOA????
(a) all frames (b) voiced frames
? 3.5  = 60??????DOA????
(a) all frames (b) voiced frames
? 3.6  = 75??????DOA????
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???????? = 45?????????????DOA???????3.4??
 = 60?????????????DOA???????3.5?? = 75????????
?????DOA???????3.6???????(a)???????????(b)???
??????????????????3.4????(a)?(b)????????40????
??????????????????????45???5???????3.1? = 45
?????????7??????????????????????????????
??????????(a)?16.84?42.29????????45???30???????
????????????(b)??????????27.68?33.98????????45
???17???????????????3.5????(a)?(b)????????50??
????????????????????60???10???????3.1? = 60?
????????12???????????????????????????(a)?
19:53?44:67????????????60???40???????????????
????(b)??????????32:51?37:14????????60???27????
????????????3.6????(a)?(b)????????55?????????
?????????????75???20???????3.1? = 75????????
?20???????????????????????????(a)?20:43?46:34?
???????????75???55???????????????????(b)??
????????34:26?39:79????????75???40???????????
???????????????DOA????????????????????
???????????3.4(b)??3.5(b)??3.6(b)????????????????
??????????????????????? > 0??????DOA?????
???????? < 0????????????????????????? ˜peak?
????????(   ˜peak)><0 (><0)????????????? j   ˜peakj? jj????
?????????????
??DOA?????????? = 0??????????????????????
?????????????????????[k; !l]????????????????
????????????????????????????(2.33)?????[k; !l]?
?????????????????????f[k; !l] 2 Cng?????????????
?????DOA????????????????????????????????
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? 3.2 SNR????DUET?????DOA???(=30?RT60=200[msec])
Case SNR=30[dB] SNR=25[dB] SNR=20[dB] SNR=15[dB] SNR=10[dB]
A
27.66 27.50 27.33 28.33 26.83
(1.21) (1.63) (2.42) (3.86) (5.46)
B
27.50 27.83 27.00 27.66 26.83
(0.54) (0.98) (1.09) (1.21) (2.78)
(a) DOA??? (b) DOA????????
? 3.7 SNR????DUET?????DOA??????????(=30?RT60=200[msec])
???????????????????????????????????????
???DUET??????????DOA????????????????????
?????????????SNR?????RT60????DOA??????????
?????????????????????????? = 30???????SNR?
DUET?????DOA???????????????????RT60?200[msec]??
??SNR?30[dB]??10[dB]??5[dB]??????????????????????
?DOA????????????????????3.2???????Case A?????
?????20???????????????Case B???????????????
????????3.7(a)?Case A?Case B?DOA????????3.7(b)???????
???????????????DOA??? ˆ???????????SNR[dB]???
???????Case A??????????Case B????????????? ( =
26
30)?????3.2??3.7(a)???SNR????DOA?????Case A??Case B???
???????????????????????????SNR?????????3
???????????????1???????????????????????
?Case A?Case B????SNR??????????????3.2??3.7(b)?????
??????Case A??????Case B??????SNR?????????????
????Case B???????SNR?30[dB]???0.54?SNR?10[dB]???2.78?
????2??????????3??????????????Case A???????
SNR?30[dB]???1.21?SNR?10[dB]???5.46?????4??????????
????????3???????????DUET?????DOA?????????
???????????SNR????????????
? 3.3 RT60????DUET?????DOA???(=30?SNR=20[dB])
Case RT60=150[msec] RT60=200[msec] RT60=250[msec] RT60=300[msec] RT60=350[msec]
A
28.50 27.33 28.00 26.83 26.50
(2.12) (2.42) (2.78) (3.14) (4.41)
B
28.16 27.00 27.50 27.00 27.33
(0.75) (1.09) (1.37) (1.59) (1.80)
(a) DOA??? (b) DOA????????
? 3.8 RT60????DUET?????DOA??????????(=30?SNR=20[dB])
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???????RT60?DUET?????DOA???????????????SNR?
20[dB]????RT60?150[msec]??350[msec]??50[msec]?????????????
??????????DOA????????????????????3.3???????
?3.8(a)?Case A?Case B?DOA????????3.8(b)??????????????
???3.3??3.8(a)???RT60????DOA?????Case A??Case B??????
???????????????????????????RT60????2  3???
????????????1????????????????????????Case
A?Case B???????RT60??????????????3.3??3.8(b)?????
??????Case A??????Case B??????RT60?????????????
????Case B???????RT60?150[msec]???0.75?RT60?350[msec]???
1.80?????1??????????2??????????????Case A???
????RT60?150[msec]???2.12?RT60?350[msec]???4.41?????2???
???????????????3??????????????DUET?????
DOA????????????????????RT60????????????
????????DUET?????DOA??????SNR?RT60?????????
????????????????????????????????????
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3.3 MUSIC?????????DOA??
??????????DOA??????MUSIC????????!l (l = 0; 1;    ; 255)
?????DOA????????????????3.4???????Case C????
??????20??????????????Case D??????????????
?????????3.9(a)?Case C?Case D?DOA????????3.9(b)??????
???????????????????Case C????????Case D??????
??????????????????????????????????????
???????????????????????????????????????
?[38]??????MUSIC????????????????????????[40]?
????Case C?Case D????500Hz????????????!l (l = 32; 33;   ; 255)
????DOA?????????????Case Cy?Case Dy????????????
3.9(c)?Case Cy?Case Dy?DOA????????3.9(d)?????????????.
???????Case Cy????????Case Dy?????????????????
???Case Dy????????????????????????????????
???Case Cy?Case C?Case D????????????????DUET?????
DOA?????????????????????????????????Case Dy
????????? = 0??60????1?????? = 75?????2????
??????????Case D????????? = 0??60????2??????
= 75?????4?????????????????20????????Case Cy?
?????????? = 30? = 75???????2??????? = 30????
3? = 75????5????????????20????????Case C?????
???? = 0? = 15???1??? = 30? = 45???4??? = 75????9
?????????????500Hz?????????????????????DOA
????????Case D?Case C?????????Case Dy?Case Cy???????
?????????????????20????????Case Cy?Case C?????
????Case Dy?Case D??????????????????
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? 3.4 MUSIC????DOA???
Case  = 0  = 15  = 30  = 45  = 60  = 75
C
-0.51 15.65 26.32 41.85 56.60 65.98
(20.11) (21.40) (22.06) (26.37) (30.33) (34.32)
D
0.45 13.84 28.62 44.34 58.69 71.46
(11.76) (12.22) (13.06) (13.44) (20.07) (22.47)
Cy
-0.66 15.30 26.89 43.32 58.67 69.80
(11.74) (13.14) (14.70) (18.96) (21.00) (22.16)
Dy
0.03 14.76 29.51 44.49 60.73 73.77
(1.11) (3.45) (4.56) (5.86) (10.61) (12.31)
(a) DOA??????(C?D) (b) DOA????????(C?D)
(c) DOA??????(Cy?Dy) (d) DOA????????(Cy?Dy)
? 3.9 MUSIC????DOA????????
30
(a)  = 0 (b)  = 30 (c)  = 60
? 3.10 MUSIC?????????DOA????(Case C)
(a)  = 0 (b)  = 30 (c)  = 60
? 3.11 MUSIC?????????DOA????(Case D)
???MUSIC????DOA?????????????????3.4???????
??3.9?(b)?(d)???MUSIC????DOA??????????????????
?????????????????Case D????????? = 0???11:76?
= 75???22:47?????????????10????????500Hz?????
??????Case Dy????Case D???????????????? = 0???
1:11? = 75???12:31??????????????????????????
???????????????Case Dy??????DUET?????DOA????
????(?3.1 Case A)????????????????????????????
??20????????Case C?Case Cy?????????????Case D?Case Dy
????????????????10????????????????
MUSIC????DOA??????????????????Case C?Case D???
??????DOA??????????????????3.10??3.11??????
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????????DOA[]???????[Hz]??????DOA???????DOA?
???????3.10??3.11???500Hz????DOA??????????????
????????????????????????????????20??????
??Case C (?3.10)???????????????Case C??Case D?????DOA
?????????????????????????????Case C?Case D??
???????DOA?????????????????????????????
???3.4??3.9?????????????????MUSIC???????????
??????????????????????????????????????
?????????????????????????????DOA???????
????????????????????????????????
???MUSIC????DOA?????????????????????????
????????SNR?????RT60????DOA????????????????
??????????????500Hz????????????????? = 30??
?????SNR?MUSIC????DOA???????????????????RT60
?200[msec]????SNR?30[dB]??10[dB]??5[dB]??????????????
?????????DOA????????????????????3.5???????
Case Cy??????????20???????????????Case Dy??????
?????????????????3.12(a)?Case Cy?Case Dy?DOA???????
?3.12(b)??????????????????????DOA??? ˆ??????
?????SNR[dB]??????????Case Cy??????????Case Dy????
?????????( = 30)?????3.5??3.12(a)???SNR????DOA????
?Case Dy??????????????????????????????SNR??
???????1?????????????Case Cy?????????SNR?30[dB]
?25[dB]???1?????SNR?20[dB]?15[dB]????3 4?SNR?10[dB]???
?5????SNR???????????
?????????Case Cy?Case Dy????SNR??????????????3.5
??3.12(b)???????????Case Cy??????Case Dy??????SNR???
??SNR?????????????????????????????Case Dy??
?????SNR?30[dB]??10[dB]?????????4.30??8.14??4?????
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? 3.5 SNR????MUSIC?????DOA??? (=30?RT60=200[msec]?500Hz??
??)
Case SNR=30[dB] SNR=25[dB] SNR=20[dB] SNR=15[dB] SNR=10[dB]
Cy
29.37 29.12 26.89 26.22 25.27
(5.88) (9.26) (14.70) (26.52) (39.56)
Dy
29.54 29.56 29.51 29.66 30.06
(4.30) (4.34) (4.56) (5.12) (8.14)
(a) DOA??? (b) DOA????????
? 3.12 SNR????MUSIC????DOA??????????(=30?RT60=200[msec]?
500Hz????)
?????????Case Cy???????SNR?30[dB]??10[dB]?????????
5.88??39.56??34????????????????MUSIC????DOA???
?????????????????SNR???????????????????
???????RT60?MUSIC????DOA???????????????SNR?
20[dB]????RT60?150[msec]??350[msec]??50[msec]?????????????
??????????DOA????????????????????3.6???????
?3.13(a)?Case Cy?Case Dy?DOA????????3.13(b)????????????
?????3.6??3.13((a)???Case Dy????DOA?????????RT60????
???????????????????RT60?150[msec]??350[msec]??????
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? 3.6 RT60????MUSIC????DOA???(=30?SNR=20[dB]?500Hz????)
Case RT60=150[msec] RT60=200[msec] RT60=250[msec] RT60=300[msec] RT60=350[msec]
Cy
31.49 26.89 28.77 27.79 27.76
(13.53) (14.70) (15.23) (15.50) (15.93)
Dy
29.88 29.51 29.13 28.69 28.19
(2.73) (4.56) (5.46) (6.03) (6.54)
(a) DOA??? (b) DOA????????
? 3.13 RT60????MUSIC????DOA?????????? (=30?SNR=20[dB]?
500Hz????)
????DOA??????1.5????????????????DOA?????2?
?????????Case Cy????????DOA?????????RT60?????
????????????????DOA???????2 3??????Case Dy??
????????????
?????????Case Cy?Case Dy????????RT60???????????
???3.6??3.13(b)???????????Case Cy??????Case Dy??????
RT60???????10????????????????????RT60??????
????????Case Cy?Case Dy??????????????Case Dy?????
??RT60?150mse???2.73?RT60?350mse???6.54?????4???????
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???Case Cy???????RT60?150mse???13.53?RT60?350mse???15.93?
????2???????????????MUSIC????DOA?????????
???????????????RT60?????????????????MUSIC?
????????????????????????DOA????????????
?????????????
MUSIC?????????????????????????Cramer-Rao Bound
CRB  6
2
2KM(M2   1)d2 cos2  (3.1)
????????????[41][42][43][44]?????2?2????????????
?????d??????????????? (3.1)??????????????
?0???????????SN?????????K??????????M?????
?????????????????????????????????????
3.4??3.5????????????????????????Case??Cramer-Rao
Bound?????????????????????????Case C?Case D????
????Case Cy?Case Dy???????????????????????????
???????????????????????SNR?????????????
????????????????????????????????Case Dy???
???DUET?????DOA???????????????????3.1?????
??????????????DUET?????DOA???????????????
???????????????????????????????????DUET?
????DOA????MUSIC????????????????
???DOA?????????????????????????????DOA?
??????????????????? 30  30????????????DUET
?????DOA??????MUSIC????????????
3.4 ???
?????????????????DOA???????????????????
????????????????????????DOA????????????
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??????????????????????????????????????
???????????????????????????????????????
???????????????????????20????????DOA?????
DUET????????MUSIC????DOA??????????????????
????????????????????
DUET????????????????????20????????DOA???
?????????DOA??? ()?30???????????3????????
=45?????7???????????????????????????????
?????????????????????????0????????????
???????????????????()?0????????????DOA??
?????????????????????????DOA???????????
????????????????????????3??????????????
??????????20????????????????????????
???MUSIC??????????????20???????????DOA???
??  60???3?????????????20??30????????????
??????????????????????????????????????
??????????DUET?????DOA???????????????????
???????????????MUSIC??????????????Cramer-Rao
Bound????????????????MUSIC????????????????
???????????SN??????????????????????????
???????????????????????DOA?????????????
????????DUET?????DOA?????????????????????
????????????????????? 30  30?????????MUSIC?
?????DOA?????????????
?4?
???????DOA??
?????????????????????????7?3????????[45].
????????????????????????????????????. ??
??????????????????????????????????????
?????????????. ?????????(???(?4.1??)????(?4.1?
?))?????????????????????????(?4.1??)???4.1???
????? (a)???????????????????????4.1???? (b)??
?????????????????????4.1???? (c)???????????
???(???)????????????????
?????????????????????????30??????????
???????????????????????????????????????
???????????????????????????????????????
??????????1?????????????????????????DOA?
????????????
4.1 ????????????DOA????
3.1????????????????????? s1(t)? s2(t)?????????
????50cm??? 1 = 30? 2 =  30???????????????????
DOAf˜[k; !l]?l = 0; 1;    ; 255g???????? q=[q   91:5; q   90:5)??????
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? 4.1????????????
pq(k)?????????Pk(˜)=[p1(k); p2(k);    ; p181(k)]???????????????
????????4.2????
????????????????????????256????????3.3??3.4
??????????????4.3????????????????????4.3 (a)?
???1?2???????????????????????????4.3 (b)???
?1?2?????????????????2?????????4.3 (c)?????
???????????????????????????????????????
??????3???????????????????????????????
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?
12
??????????????
???? ????
???????
???????
1212
1
2
12
?????????????????????
??????????????????
??????????????????????
? 4.2??????????DOA????????????
?????????????????DOA???????
4.2 ???????????????????
??????WDO??????????????????Kurtosis?Gini???Hoyer
???????[46]?
K (Pk(˜)) =
PQ
q=1 p
4
q(k)PQ
q=1 p
2
q(k)
2 (4.1)
G (Pk(˜)) = 1   2
QX
q=1
pq(k)PQ
q=1 pq(k)
 
Q   q + 12
Q
!
(4.2)
H (Pk(˜)) =
 p
Q  
PQ
q=1 pq(k)qPQ
q=1 p
2
q(k)
! p
Q   1
 1
(4.3)
??????4.3 (a)????????????4.3 (b)????????????4.3 (c)?
??????????????????????
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(a) a single source frame (b) a two-source frame (c) an ambient noise frame
? 4.3??????????DOA????
? 4.1????????
(a) (b) (c)
Kurtosis 0.051 0.021 0.018
(??????) (1) (0.41) (0.35)
Gini 0.74 0.55 0.48
(??????) (1) (0.74) (0.65)
Hoyer 0.54 0.35 0.29
(??????) (1) (0.65) (0.53)
?4.3?3???????????????? (KurtosisK (Pk(˜))?Gini?? G (Pk(˜))?
Hoyer??H (Pk(˜)))?????????????4.1???????????????
????????????????????()??????????????((a)??
???)????????????KurtosisK (Pk(˜))????(a)??? 0.051???(b)?
?? 0.021???(c)??? 0.018????(b)?(c)??????????(a)?(c)????
??????????????Gini??G (Pk(˜))????(a)??? 0.74???(b)???
0.55???(c)??? 0.48????(b)?(c)???Kurtosis????????(a)?(c)???
????????????Hoyer??H (Pk(˜))???? (a)??? 0.54??? (b)???
0.35???(c)??? 0.29????(b)?(c)?????????(a)?(c)????????
???????????????????????????????????????
??????2????????????????????????????[48][49]?
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?????????????K (Pk(˜)) > ?G (Pk(˜)) > ?H (Pk(˜)) > ??????
???????????????????????????3.1???????????
????? = 30?????????????????Kurtosis???????????
???????4.4??Gini????????????????????4.5??Hoyer?
???????????????????4.6??????????????????
????k???????DOA????Pk(˜)?????????k (k = 1; 2;    ;K)??
?????????????????????????????????????
 = 0????????????k????????????4.4(a)??4.5(a)??4.6(a)
????????????????????k??????????????????
???????4.4???KurtosisK (Pk(˜))????????????????????
??K (Pk(˜)) > 0:03?????(?4.4(b))?????????????????????
??????K (Pk(˜)) > 0:04 (?4.4(c))?K (Pk(˜)) > 0:05 (?4.4(d))?????????
????????????????????????k?????? = 30????
??????????4.5???Gini??K (Pk(˜))????????????????
?????? G (Pk(˜)) > 0:5?????(?4.5(b))?????????????????
????k?????????????????????G (Pk(˜)) > 0:6 (?4.5(c))??
????????????????????????????G (Pk(˜)) > 0:7 (?4.5(d))
???????????????????????????????k??????
 = 30???????????????4.6???Hoyer??H (Pk(˜))????????
??????????????H (Pk(˜)) > 0:3?????(?4.6(b))?????????
????????????k????????????????????????
 = 0:4?????(?4.6(c))???????????????????????????
??? = 0:5?????????????????????????????????
k??4.6(d)????????? = 30??????????
?????????????????????????????????????
???????????????k??????????????????????
Kurtosis??2?????????????????????????????????
??????????????????????????[47]????Gini?????
pq(k)????????????????????????????????Hoyer??
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? 4.4 Kurtosis????1???????????
? 4.5 Gini??????1???????????
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? 4.6 Hoyer??????1???????????
?????
??????????????????????H (Pk(˜))???????????
???????????????????????????H (Pk(˜))????????
?????4.7???????????????????H (Pk(˜))?????????
???????????????????????????????????????
?0.5????????????????????????????????????
????????H (Pk(˜))??????????????????????????
????????????????????????0.4???????4.6??????
???????????????????????????????????????
???????????????????????????H (Pk(˜))????0.5??
???????????????????????????????
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? 4.7?????????Hoyer????
4.3 ???????DOA??
????????????????DOA?????Pk(˜)?Hoyer??? 0.5??
????????????????????????????????????
?????????????DOA?????????????????????
????????????? kˇ??????????? kˇ???????????
Pkˇ(˜)=[p1(kˇ); p2(kˇ);    ; p181(kˇ)]??? pq(kˇ)??????????q?
qˆ = argmax
q
fpq(kˇ) j q = 1; 2;    ; 181g (4.4)
????????????DOA? ˆ = (qˆ   91)??????????????????
????????????DOA????????????????????????
?????????????????????4.8????
1. ????????????????????k???STDFT?????????
xm[k; !l] (m = 1; 2; l = 0; 1;    ; 255)?????
2. x2[k; !l]x¯1[k; !l]?????(2.37 )(2.38)??????DOA ˜[k; !l]?????
3. ? ? DOA ? q=[q   91:5; q   90:5) ? ? ? ? ? ? pq(k) ? ? ? ? ? ? ?
Pk(˜)=[p1(k);    ; p181(k)]?????
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? 4.8???????DOA?????
4. Pk(˜)??(4.3)?Hoyer??H (Pk(˜))????????0.5???????????
?????kˇ????????????? 1. ????
5. 1???????????Pkˇ(˜)??? pq(kˇ)????????? q? qˆ????
ˆ=(qˆ   91)????DOA???????
4.4 ???
?????DUET????????????DOA????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????DOA??
???????????????????????????????????????
??????????????????????????????????????
45
??????????????????????????????????????
???????????????????????????????????????
????????????????????????????DOA????????
?????????????????????DOA??????????????
????????????????????????????????????Hoyer
???????????????????????????????????????
???????????????????????????????????????
??????????????????????Hoyer??????????????
?????????????????Hoyer??????0.5????????????
?????????????????????
?5?
?????????????
?????????????DOA?????????Hoyer??????????1
????????????????????????????????DOA????
???????????????????????????????????????
????
?????????????????????????????????????SN
?????????DOA????????????????????????????
?30????????????250[msec]???SN??15[dB]??????????
????DOA??????2??????????3??????????????
??????????SN?????1??????????????????????
??????????????????????30?????????????1
??????2??3????????????????????????????
200[msec]???SN??15[dB]?????????????DOA?????3????
??????3?????????????
5.1 ???????????DOA??
???????????????3.1??????????????????????
??????????DOA???????????????5.1??????????
DOA???????()??????????????5.1????????  30???
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? 5.1???????????DOA???(RT60=200[msec]?SNR=20[dB])
SNR  = 0  = 15  = 30  = 45  = 60  = 75
20[dB]
0.27 14.95 28.59 39.86 49.15 54.71
(1.71) (2.62) (2.82) (2.66) (3.02) (3.00)
2??????????? = 45???5??? = 60???10??? = 75???20
?????30????????????????????????????????
???????20????????DOA????????3.1??????????
???? = 45????????????????????????????0?
?75??15????????????????1?????????DOA?????
????????????DOA???????5.1??????????? pq(k)???
?DOA[]??????DOA???( = 0  75)??????????(a)? = 0???
?DOA??????(b)? = 15????DOA??????(c)? = 30????DOA?
?????(d)? = 45????DOA??????(e)? = 60????DOA??????
(f)? = 75????DOA???????????(a)???(b)???(c)?????0?
15?30???????????????DOA?????????????????
???????(d)???(e)???(f)??????????DOA??????????
???????????????????(d)?????40???????????
???5.1? = 45?????????5????????????????? (e)?
????50?????????????5.1? = 60?????????10????
?????????(f)????????????????????????????
????????????????????? (a)?-0.52?17.13???? (b)?14.44
?12.68???? (c)?27.76?14.63??????????DOA??????????
???????????? (d)??????????38.99?16.02???? (e)?43.19
?22.81????(f)?52.50?19.58??????????DOA???????????
?????????????????????3?????????????????
????????????????????????????????????3.1
??????????????????????????20????????????
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(a)  = 0
???-0.52??????17.13
(b)  = 15
???14.44??????12.68
(c)  = 30
???27.76??????14.63
(d)  = 45
???38.99??????16.02
(e)  = 60
???43.19??????22.81
(f)  = 75
???52.50??????19.58
? 5.1??????????DOA????(RT60=200[msec]?SNR=20[dB])
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???????????????????????????????????????
???????????????????????????????????????
?????DOA????? 30    30?????????????????????
?????????????????????????DOA??????????
????????????????????????( = 30???)???????
??????????????IC???????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????RT60?SNR?????????????????????????
??RT60?150[msec]?200[msec]?250[msec]?300[msec]???????????SNR?
????30[dB]?20[dB]?15[dB]?10[dB]?????????????????????
?????5.2??5.3??5.4??5.5??????????DOA???????()????
??????????????????DOA??????????????????
?????5.2??5.3??5.4??5.5???????????SNR = 30[dB]???????
???????SNR = 20[dB]??????????????SNR = 15[dB]?????
??????????SNR = 10[dB]???????????????????????
?????????????????? RT60(150[msec]?200[msec]?250[msec]?
300[msec])?SNR(30[dB]?20[dB]?15[dB]?10[dB])?????????5.1??????
????DOA?????  30???????????????( = 0  75)???
??????????????????????????????????????
??????????SN???????????DOA??????????????
???????????????????????RT60????SNR???????
????????????????????????????????????5.2??
???SNR=15[dB]????=30????DOA????28.96??????3.05???
???5.3?????????????????????DOA????28.80?????
?2.67?????????RT60?200[msec]??250[msec]??????????????
???????????????5.3?????SNR=10[dB]????=30????
DOA????29.35??????2.20????SNR????????????????
????????????????????????????5.2??5.3??5.4??5.5
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???????
?????????????????????????????????????
????????????????????RT60?SNR??????????????
???????????????????????????????5.6?????5.6
?????????????????????? ??????????????
???????????????5.6?????????????????????
??SNR?????????????????????????????????
?DOA????Pk(˜)????????????????????????????
? = 30?????RT60?200[msec]????SNR?????30[dB]?20[dB]?15[dB]?
10[dB]?????????????????????DOA????????5.6????
???(a)?SNR = 30[dB]????DOA??????(b)?SNR = 20[dB]????DOA?
?????(c)?SNR = 15[dB]????DOA??????(d)?SNR = 10[dB]????
DOA??????????5.6???SNR???????DOA????Pk(˜)???
??????????????????5.6?????????RT60?150[msec]??
300[msec]????????????????????????????SNR=30[dB]?
??18%?SNR=20[dB]???34%?SNR=15[dB]???36%?SNR=10[dB]??????
??????????????????5.6?????SNR?30[dB]??10[dB]??
????????????????????????????RT60=150[msec]??
?95%?RT60=200[msec]???96%?RT60=250[msec]???95%?RT60=300[msec]???
95%??????????SNR=10[dB]????????????????????
55%77%????DOA????????????????????SNR=15[dB]???
???RT60=300[msec]???????????????????????3%?????
???????????????????100%??????????RT60?250[msec]
???SN??15[dB]????????????
???????????????? = 30???????????250[msec]???
SNR?15[dB]??????????????????????DOA????????
??????????????????????????????????????
??????????????????????
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? 5.2???????????DOA???(RT60=150[msec])
SNR  = 0  = 15  = 30  = 45  = 60  = 75
30[dB]
0.16 14.79 28.55 40.26 49.30 54.92
(1.27) (1.86) (1.90) (2.04) (2.21) (2.14)
20[dB]
0.15 14.96 28.83 40.40 49.42 55.13
(1.92) (2.30) (2.52) (2.25) (2.96) (2.39)
15[dB]
0.28 14.96 28.96 40.00 49.58 55.46
(1.95) (2.28) (3.05) (2.48) (2.83) (2.16)
10[dB]
-0.66 14.09 29.02 39.73 48.56 54.62
(1.10) (1.57) (2.90) (2.57) (2.68) (2.86)
? 5.3???????????DOA???(RT60=200[msec])
SNR  = 0  = 15  = 30  = 45  = 60  = 75
30[dB]
0.16 14.73 28.38 39.91 48.85 54.68
(1.27) (2.21) (2.45) (2.56) (2.82) (2.84)
20[dB]
0.27 14.95 28.59 39.86 49.15 54.71
(1.71) (2.62) (2.82) (2.66) (3.02) (3.00)
15[dB]
0.23 14.96 28.80 40.09 49.30 54.77
(1.89) (2.40) (2.67) (2.78) (3.08) (3.48)
10[dB]
0.52 14.90 29.35 38.92 49.33 54.96
(2.01) (2.36) (2.20) (1.98) (2.48) (1.58)
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? 5.4???????????DOA???(RT60=250[msec])
SNR  = 0  = 15  = 30  = 45  = 60  = 75
30[dB]
0.15 14.78 28.23 40.01 48.58 54.53
(1.16) (2.42) (2.70) (2.86) (3.21) (3.00)
20[dB]
0.11 14.63 28.56 39.74 49.02 54.70
(1.99) (2.71) (3.08) (2.90) (3.37) (3.32)
15[dB]
0.17 15.07 28.99 39.78 49.66 56.07
(2.11) (3.32) (3.61) (3.11) (3.34) (2.61)
10[dB]
0.51 15.19 29.14 39.66 48.07 56.50
(1.99) (1.86) (1.52) (2.13) (2.40) (1.59)
? 5.5???????????DOA???(RT60=300[msec])
SNR  = 0  = 15  = 30  = 45  = 60  = 75
30[dB]
0.11 14.64 28.06 39.64 48.69 54.43
(1.23) (2.58) (3.00) (2.86) (3.42) (3.17)
20[dB]
0.16 14.80 28.36 39.90 49.10 55.04
(1.84) (2.71) (2.97) (3.32) (3.30) (3.27)
15[dB]
0.40 15.39 28.99 39.71 49.67 55.36
(1.98) (3.13) (3.17) (2.79) (3.54) (2.81)
10[dB]
-0.02 15.56 30.02 39.84 47.04 56.09
(1.96) (1.79) (2.63) (1.38) (3.49) (2.23)
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(a) DOA??????? (b) DOA????????
? 5.2???????????DOA????????(RT60=150[msec])
(a) DOA??????? (b) DOA????????
? 5.3???????????DOA????????(RT60=200[msec])
(a) DOA??????? (b) DOA????????
? 5.4???????????DOA????????(RT60=250[msec])
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(a) DOA??????? (b) DOA????????
? 5.5???????????DOA????????(RT60=300[msec])
(a) SNR = 30[dB] (b) SNR = 20[dB]
(c) SNR = 15[dB] (d) SNR = 10[dB]
? 5.6 SNR??????DOA???????(RT60=200[msec]? = 30)
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? 5.6????????????(????)
RT60 SNR=30[dB] SNR=20[dB] SNR=15[dB] SNR=10[dB]
150[msec]
200.86 71.11 25.00 9.35
(100%) (100%) (100%) (77.77%)
200[msec]
188.55 59.36 20.16 8.23
(100%) (100%) (100%) (72.22%)
250[msec]
172.44 52.83 17.86 7.90
(100%) (100%) (100%) (61.11%)
300[msec]
165.08 47.44 16.48 8.20
(100%) (100%) (97.22%) (55.55%)
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???
???? ????
45°-45°
-30° ???30°
? 5.7??????????(???)
5.2 ?????????????DOA??
?????????5.7???????????????????RT60=150[msec]?
200[msec]?250[msec]????SNR?????30[dB]?20[dB]?15[dB]???????
????????????????s1(t)??????s2(t)?s3(t)???????????
???????????????1m???2 =  45???3 = 45?????????
???50cm??????????1??????????????????????
??????[37]????????????????????120?????????
?????RT60?150[msec]???????????????DOA?????????
????5.8??????????????????????????????????
???????????????????DOA[]??????????(k)??????
DOA???( = -45?0?45)????DOA????????5.8??????????
??????????????????????????????????????
????jˆj < 35???ˆ?????s1(t)?DOA??? ˆ1??????????????
???????5.9????
?????DOA?????????????5.7??5.8??5.9???????????
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? 5.8?????????????DOA????(RT60=150[msec]? = -45, 0, 45)
? 5.9????????????????
?????????????5.10??5.11??5.12?????????????1?30
?????RT60250[msec]?SNR15[dB]???????????2????????
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? 5.7?????????????DOA???(RT60=150[msec])
SNR  =-30  =-20  =-10  =0  =10  =20  =30
30[dB]
-28.51 -19.51 -9.68 0.21 10.16 20.03 28.95
(2.17) (2.52) (2.18) (1.41) (2.19) (2.54) (2.11)
20[dB]
-28.25 -19.32 -9.54 0.29 10.11 19.92 28.91
(2.44) (2.51) (2.27) (1.59) (2.31) (2.48) (2.22)
15[dB]
-28.22 -19.00 -9.19 0.22 10.06 19.95 28.81
(2.40) (2.46) (2.43) (1.91) (2.26) (2.42) (2.25)
? 5.8?????????????DOA???(RT60=200[msec])
SNR  =-30  =-20  =-10  =0  =10  =20  =30
30[dB]
-28.03 -19.26 -9.51 0.25 10.11 19.91 28.64
(2.82) (3.28) (2.71) (1.74) (2.73) (3.24) (2.93)
20[dB]
-27.91 -19.09 -9.40 0.32 10.17 19.92 28.78
(2.91) (3.00) (2.79) (1.62) (2.72) (2.99) (2.59)
15[dB]
-27.84 -19.36 -9.28 0.36 10.61 20.12 28.64
(2.57) (2.89) (2.63) (1.82) (2.47) (2.67) (2.60)
? 5.9?????????????DOA???(RT60=250[msec])
SNR  =-30  =-20  =-10  =0  =10  =20  =30
30[dB]
-27.60 -18.92 -9.36 0.21 10.12 19.77 28.42
(3.11) (3.32) (2.94) (1.65) (2.84) (3.60) (3.06)
20[dB]
-27.50 -18.88 -9.19 0.27 10.06 19.78 28.25
(3.11) (3.13) (3.25) (1.64) (3.11) (3.38) (3.11)
15[dB]
-27.59 -18.72 -9.27 0.02 10.20 19.83 28.78
(2.67) (2.88) (2.94) (2.00) (2.37) (2.47) (2.41)
59
(a) DOA??????? (b) DOA????????
? 5.10?????????????DOA????????(RT60=150[msec])
(a) DOA??????? (b) DOA????????
? 5.11?????????????DOA????????(RT60=200[msec])
(a) DOA??????? (b) DOA????????
? 5.12?????????????DOA????????(RT60=250[msec])
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??3????????????????????????????????5.2?5.5
?????????????????????????????DOA???????
??????????????????????1?30?????????????
???????????????????????????????????DOA?
????????????????????5.7??5.8??5.9???????????
?????????SNR????????????????????????????
????????????????????5.8?????=10????SNR=15[dB]
?DOA????10.61??????2.47??????5.9?????????????
?????????DOA????10.20??????2.37?????????????
RT60?200[msec]??250[msec]?????????????????????????
?????????SNR????????????????????????????
????????????????????5.10??5.11??5.12?????????
??????????????????????????????????????
?RT60?SNR???????????????????5.10?????5.10?????
120?????????????????????????????????????
??????5.10????5.6?????????????????????????
SNR??????????????????????????????????RT60
?150[msec]??250[msec]??????SNR=30[dB]???25%??SNR=20[dB]???
28%??SNR=15[dB]???25%??????????????????????26%??
??????SNR?30[dB]??15[dB]??????????RT60=150[msec]???81%??
????RT60=200[msec]???82%??????RT60=250[msec]???81%??????
????????????????81%?????????????RT60=250[msec]?
SNR=15[dB]??????????????????????7%??????????
??????SN??10[dB]???????????RT60=300[msec]?????????
???????????????????????????????????????
????????200[msec]???SN??15[dB]????????????
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? 5.10 1???????????(3????)
RT60 SNR=30[dB] SNR=20[dB] SNR=15[dB]
150[msec]
81.76 34.32 15.26
(100%) (100%) (100%)
200[msec]
71.11 28.78 13.00
(100%) (100%) (100%)
250[msec]
61.27 24.79 11.52
(100%) (100%) (92.97%)
5.3 ???
????????????????????????????????????RT60?
200[msec]?SNR?20[dB]?????????????????????????DUET
????????????????DOA????????????????????
???????????????????????30????????????2
????????3?????????????DOA??????????????
??????RT60?SNR????????????????????????????
?????????????????????????????????????RT60
?SNR??????????DOA???????????????????????
??60???SNR???????????????????????????????
?????????????????????????RT60?250[msec]???SNR?
15[dB]?????????????????????????????????RT60?
250[msec]???SNR?15[dB]?????????????30??????????
??????????????????????DOA??????????????
??????????????200[msec]???SNR?15[dB]???????????
DOA???????3????????3???????????????????
??
?6?
??
??????????????????????????????????????
?????????DOA????????????????????
??????DOA??????????????????????????????
?????????????????????????DOA????????????
?????DOA?????????????????????????????DOA
??????DSB??MUSIC?????????????????????????
??????????????????????????????????????
???????????????????????????DOA?????????
???????????????????????????????????????
DOA??????????????????????????
????????????????DOA???????????????????
??????????????????????
?????????DOA?????????????????DSB??MUSIC???
?????????DUET??????????????????????????
????????????????????
DSB???????(-90  90)????????????????????????
???????????????????????DOA??????????????
???????????????????DOA??????????????????
???????????????????????????????????????
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MUSIC??????????????????????????????????
????????????????MUSIC??????????????DOA???
??????????????????????????????????????
?????????????????????????????????????
DOA????????????????????????????????????
????????????DSB?????????????????????????
???????????????????????????????????
?????????????DUET???????????????DOA?????
????????????????????DOA????????????????
??????????????????????????????DOA??????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????DOA?????????????
???????????????????????????????????????
??????????DOA??????????????????
?????????????????????????????????DOA??
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????20?????
???DOA?????DUET????????MUSIC????DOA????????
??????????????????????????????
DUET????????????????????20????????DOA???
?????????DOA??? ()?30???????????3????????
=45?????7???????????????????????????????
?????????????????????????0????????????
???????????????????()?0????????????DOA??
?????????????????????????DOA???????????
????????????????????????3??????????????
??????????20????????????????????????
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???MUSIC??????????????20???????????DOA???
??  60???3?????????????20??30????????????
??????????????????????????????????????
??????????DUET?????DOA???????????????????
???????????????MUSIC??????????????Cramer-Rao
Bound????????????????MUSIC????????????????
???????????SN??????????????????????????
??????????????????????DOA??????????????
???????DUET?????DOA??????????????????????
???????????????????? 30  30??????????MUSIC?
?????DOA?????????????
??????DUET????????????DOA???????????????
???????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????DOA?
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
?????????????????????????????DOA???????
??????????????????????DOA??????????????
????????????????????????????????????Hoyer
???????????????????????????????????????
???????????????????????????????????????
??????????????????????Hoyer??????????????
???????????????????Hoyer??????0.5??????????
???????????????????????????????
??????????????????????????????????????
200[msec]?SN??20[dB]??????????????????????DUET???
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???????DOA?????????????????????????????
??????????????30???????????????2??????
??3?????????????DOA????????????????????
?SN????????????????????????????????????
???????????????????????????????SN??????
?????DOA????????????????????????????SN??
???????????????????????????????????????
???????????????????250[msec]???SN??15[dB]??????
????????????????????????????250[msec]???SN??
15[dB]?????????????30?????????????????????
???????????DOA??????????????????????????
??200[msec]???SN??15[dB]???????????DOA???????3???
?????3???????????????????
??????????????DOA?30??????????????DOA??
??????????????????????????????????DOA???
????????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????Hoyer???
??????????????????????????????????
????????????????????DOA???????????????
??????DOA???????????????????????
??
??22???????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????
???????????????????????20?????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????????
??????????????????????????????
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